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Abstract 
Growth and regrowth of dual-purpose wheat and canola following different 
methods of grazing 
by 
Tim Brooker 
 
A field experiment was conducted to investigate the forage yield and subsequent recovery of dual-
purpose wheat and canola crops sown at different times and subjected to differing durations and 
intensities of grazing. The success of a dual-purpose crop is determined by the combined value of 
vegetative biomass consumed by livestock and grain yield, and hence maximised when forage yield is 
greatest and grain yield is unhindered.  This experiment investigated the forage yield and crop recovery 
for wheat and canola sown on two dates, with two grazing methods and three times of closure. When 
sown on 9 December (TOS 1), canola sheep consumed 5540 kg DM ha-1 over 28 days in March, 
compared with wheat, where 1905 kg DM ha-1 was consumed. Accumulated biomass for grazing 
commencement in June was 2270 kg DM ha-1 for 17 February-sown crops (TOS 2) and 1173 kg DM ha-
1 for TOS 1 crops, with no difference between crops. Grazing took place between 5 June and 20 July, 
with greater forage yields of TOS 2 crops. TOS 2 wheat had the greatest rate of recovery, increasing to 
2405 kg DM ha-1 after the accumulation of 700 °C d following the termination of grazing. Canola TOS 1 
recovered to 1570 kg DM ha-1 over the same period; canola TOS 2 and wheat TOS 1 reached 1135-1165 
kg DM ha-1. The canola was infected with a virus due to aphid damage before the winter grazing, which 
affected the recovery following the grazing period. Duration of grazing was determined to be 
detrimental to crop recovery, with periods <20 days required for maximum recovery rate. Timing of 
grazing was not important when biomass was considered on a thermal time accumulation basis, 
however reduced time from the termination of grazing to flowering for canola defoliated in late July 
may not allow for sufficient leaf recovery to support grain yield. There is potential for use of dual-
purpose crops in New Zealand mixed farming systems, and grazing management is more likely to be 
determined on stock management factors opposed to specific crop management requirements, 
however break feeding will result in variable recovery across a paddock. 
Keywords: Triticum aestivum L., oil-seed rape, Brassica napus L., set stocking, break feeding, autumn 
forage, winter forage, biomass, thermal time, growing degree days 
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1. INTRODUCTION 
New Zealand pastoral farmers rely on high quality perennial species regularly grazed in situ to provide 
the majority of animal feed (Valentine & Kemp 2007). The relatively mild temperate climate allows 
plant growth to occur for much of the year, however there are periods where livestock demand will 
exceed pasture supply, generally winter when temperature is limiting pasture growth, and to a lesser 
extent summer when moisture is limiting (Webby & Bywater 2007). Pasture can be conserved as silage 
or hay to control quality and transfer feed from times of surplus to be fed in these times of deficit. The 
use of annual forage cereals, brassicas and more recently fodder beet is popular amongst New Zealand 
farmers to inexpensively provide high quality forage to livestock during periods of feed shortage. 
Annual forage crops are able to provide a higher standing yield than saved pasture whilst maintaining 
feed quality. The use of annual forage crops provide an opportunity for pasture renewal in areas with 
older, poorer performing pastures. New pastures are considered of higher quality due to the 
opportunity to spread heading date, low endophyte status and reduced incidence of unwanted species 
in the sward resulting in greater palatability (Lambert et al. 2000).  
Traditionally, arable farms in New Zealand and Canterbury in particular have run a mixed cropping 
system developed over the last 100 years to maintain soil fertility, where annual cash crops are grown 
for two to five years, then animals are grazed on perennial ryegrass/white clover pastures for a similar 
time period (McKenzie et al. 1999). In the past, breeding and finishing sheep flocks were an integral 
part of these mixed cropping systems, but recently the popularity of grazing dairy cattle has increased 
due to the financial returns (Dynes et al. 2010). The relative profitability of each farming enterprise 
balanced with the need to restore soil fertility and structure determines the amount of time in rotation 
(Dynes et al. 2010; McKenzie et al. 1999). The flexibility and willingness to adapt and integrate 
enterprises is a key to maximising profitability (Dynes et al. 2010). 
A dual-purpose crop is one that is grazed by livestock during the vegetative stages of growth, then 
allowed to recover and provide a grain harvest in the same season (Kelman & Dove 2009). Whilst rare 
in New Zealand, the practice of grazing cereals is relatively common throughout the world, with 
examples reported in Australia, the Mediterranean, West Asia, West Africa and the United States with 
wheat (Triticum aestivum L.) being the most common (Harrison et al. 2011a; Virgona et al. 2006). With 
appropriate selection of cultivar and management of grazing, it is possible to not supress grain yield 
(Harrison et al. 2011a; Nicholls 2005). More recently, the use of canola (Brassica napus L.) as a dual-
purpose crop has been investigated with success in Australia (Kirkegaard et al. 2008b; Kirkegaard et al. 
2012a; McCormick et al. 2012).  The use of dual-purpose crops in New Zealand may provide an 
alternative to forage or grain-only annual crops, providing feed to livestock over the winter and a 
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subsequent grain harvest to further increase the flexibility of livestock integration on mixed-cropping 
farms.  
A successful dual-purpose crop is one where any loss of yield compared to an ungrazed equivalent crop 
is more than compensated by the value of forage consumed by animals (Kirkegaard et al. 2008b). To 
achieve maximum forage intake and minimum yield loss, careful grazing management is required. 
The primary objective of this experiment was to determine the suitability of differing grazing methods 
and durations on the regrowth of dual-purpose wheat and canola following grazing. Crops were sown 
in either December or February, grazing commenced in June for the February sown crops, or a 28 day 
period in February then again in June for the December sown crops. The regrowth was measured 
through above ground biomass, leaf area index and plant development. A lesser emphasis was placed 
on the amount of forage accumulated before the grazing period, and the quantity removed by grazing. 
From this, the feasibility of the grazing methods were evaluated. 
This dissertation contains an in-depth review of the relevant literature, materials and methods of the 
experiment conducted, results of this experiment and a discussion.  
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2. REVIEW OF THE LITERATURE 
2.1 Introduction 
A dual-purpose crop is one that is grazed by livestock during the vegetative stages of growth, then 
allowed to recover and provide a grain harvest in the same season (Kelman & Dove 2009). The practice 
of grazing cereals, particularly wheat, was common in South Australia as early as the 1930’s (Forster & 
Vasey 1931). Extensive work was done on dual-purpose wheat in Australia in the 1970’s with forage 
yields and animal performance similar to those achieved in recent times, but grain yields were 
comparably low, between 0.76 and 2.26 t ha-1 for Isis winter wheat (Dann et al. 1983). Since then, 
short-season varieties with superior grain yield reduced the popularity of dual-purpose wheat, but 
interest increased with the development of hard-grain varieties in the 1990’s suitable for milling, 
providing increased returns for grain (Virgona et al. 2006). 
Winter varieties of wheat are suitable for dual-purpose use, due to the vernalisation requirement 
delaying reproductive development, which allows for an accumulation of vegetative biomass to be 
grazed in winter without removal of the shoot apex, filling livestock feed supply gaps. Grazing a dual-
purpose wheat crop has been found to be possible with no impact on grain yield (Virgona et al. 2006). 
Some farmers reported an increase in grain yield after the 2002 drought year in southern Australia, 
through lower transpiration losses and greater soil water accumulation during the grazing period, 
which was then used during grain-fill, when water-use efficiency is high (Angus & Van Herwaarden 
2001; Virgona et al. 2006).  
Early sowing of dual-purpose wheat crops has increased the incidence of wheat streak mosaic virus, as 
well as showing susceptibility to leaf and root diseases, hosted by pasture grasses and volunteer 
cereals (Kirkegaard et al. 2008b). Whilst oat and triticale crops are less vulnerable to such diseases, 
they are also less attractive due to a lower value grain. The incorporation of a broadleaf break crop can 
improve successive cereal yields by providing an opportunity for weed and disease control (Seymour 
et al. 2012). Recently, canola has been investigated for its suitability as a dual-purpose broadleaf 
brassica crop, providing both weed and pest control opportunities, and a high value grain (Kirkegaard 
et al. 2008b). Studies of dual-purpose use of long season winter and spring canola varieties have been 
carried out successfully in various parts of Australia, with grain yield unimpeded following grazing 
(Kirkegaard et al. 2008b; Kirkegaard et al. 2012b; McCormick et al. 2012). 
Dual-purpose crops can provide valuable feed during a time of deficit and competitive grain yield, 
however the careful management of these crops is crucial for their success. The success of a dual-
purpose wheat or canola crop is quantified by the amount of forage that is consumed by livestock, and 
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the relative grain yield to an ungrazed crop. These factors are determined by species and cultivar 
selection; time of sowing; and grazing time, duration, intensity and residual biomass (Kelman & Dove 
2009; McCormick et al. 2013). 
2.2 Species, cultivar and time of sowing 
Due to climatic variation, sowing date varies considerably between regions, but it is common for dual-
purpose crops to be sown 2-4 weeks earlier than a grain-only crop, if providing forage for winter 
grazing. Warmer temperatures in early autumn result in faster establishment, early vigour, a more 
extensive root system to anchor the plant during grazing and a greater accumulation of biomass when 
grazing commences in winter (Davidson et al. 1990; Harrison et al. 2011a; Virgona et al. 2006). Grazing 
of wheat must occur before the beginning of stem extension (Harrison et al. 2011a) and growth stage 
dictates the amount of residual biomass for canola (Kirkegaard et al. 2012a). To ensure the crop is still 
vegetative for the grazing period, consideration of species, cultivar and time of sowing is required. 
2.2.1 Wheat 
Long season winter cultivars of wheat are most suitable for dual-purpose use. The vernalisation 
requirement of winter cereals prevent the meristem responding to photoperiod signals until it has 
experienced an extended period of low temperature, generally below 10°C (White 1999). This 
mechanism ensures that the plant will flower in response to day length as temperatures increase 
leading into spring and summer. Winter cultivars with a vernalisation requirement allow early-sown 
crops to remain vegetative over the winter period, without risking early anthesis and subsequent frost 
damage (McMullen & Virgona 2009). The removal of the apical meristem by livestock is prevented, 
and the plant has the ability to produce new leaves after defoliation to support reproductive growth.  
Vernalisation response can be either facultative or obligate (Michaels & Amasino 2000). A facultative 
response results in faster development after the chilling period, but it is not a requirement for the 
initiation of flowering. An obligate response to vernalisation is when the plant will not flower until after 
a period of cold. Facultative or semi-winter varieties have been popular for dual-purpose use in 
southern New South Wales since the 1970’s, however obligate winter varieties have been popular in 
the high rainfall zone (>650 mm) of Australia for some time, as the delay of flowering until after 
vernalisation allows for earlier sowing and greater accumulation of biomass for grazing (Virgona et al. 
2006). Grazing of crops may occur as soon as the individual plants have an adequate root system to 
anchor the plant during grazing (Harrison et al. 2011a). However, in order to provide a quantity of 
forage that is competitive with the current range of forage crops used in New Zealand, the use of long 
season obligate winter varieties will allow sowing to occur earlier than a grain only winter wheat crop, 
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resulting in a greater accumulation of vegetative biomass, which will be grazed before the beginning 
of stem extension.  
Davidson et al. (1990) conducted a cutting experiment with various types and mixtures of winter and 
spring wheats sown in late summer (21 February) near Canberra. Between 5.23, 7.21 and 6.90 t DM 
ha-1 of forage was removed from plots where cutting began on 3 April, 1 May and 29 May respectively. 
A first cut was taken on these dates, then one every 4 weeks until the growing points of the main 
shoots were above ground, to give a cumulative total. There was limited information available on 
wheat used as a forage in New Zealand, however a popular green feed cereal is oats. The biomass yield 
achieved by Davidson et al. (1990) was similar to those achieved Martini et al. (2009) with forage-only 
Milton oat crops in Canterbury sown on 4 March (Figure 2.1), which had accumulated approximately 
5 t DM ha-1 by the beginning of June and 8.5 t DM ha-1 by the beginning of August. However, as a spring 
crop, an early grazing of the oats would reduce the yield if stem elongation had begun, as these tillers 
would senesce, any not provide any subsequent regrowth. 
 
Figure 2.1: Dry matter accumulation of Milton oats sown on 4 March (), 28 March (), 21 April (▼), 
12 May () and 3 June (■) at Lincoln University. From Martini et al. (2009). 
A study by Bonachela et al. (1995) in southern Spain found that over three seasons, an early sown 
barley crop produced 44% more herbage dry matter (P<0.01) at lemma primordia (Table 2.1). The 
1987/88 and 88/89 season early sown treatments were planted on 18 November, 22 and 20 days 
(three weeks) earlier than the normal sowing date treatment (10 and 8 December) respectively, 
however in the 1989/90 season, prolonged rainfall delayed the ‘normal’ sowing time treatment until 
10 January, 56 days later.  
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Bonachela et al. (1995) did not find a significant increase the forage yield at clipping in the first season, 
but did in the second season at normal sowing rates (12 g m-2) (Table 2.1). The normal sowing date 
with high sowing density provided the greatest amount of accumulated forage when not delayed by 
weather. The five week delay of sowing the normal sowing date treatment in season three resulted in 
an extra 127 g m-2 of dry matter accumulated in the early sowing treatment. The growth of late sown 
treatment was hindered as temperatures were getting too cold. Sowing at a seed rate of 17 g m-2 (170 
kg ha-1) on 10 January did not out-perform the normal sowing rate on this same date as it had in 
previous seasons, due to the overall delay by weather not allowing the same amount of thermal time 
accumulation before grazing. This is concordant with the recommendation of Harrison et al. (2011a), 
to sow dual-purpose winter wheat three weeks earlier than a grain-only crop to give the greatest 
increase of accumulated dry matter for the grazing period. Increasing sowing rates to sow at the same 
time as a grain only crop may compensate for the reduction of biomass accumulation for the grazing 
period, but not if weather conditions further delay the sowing. The most reliable way to maximise 
forage available for grazing is through early sowing, as even when the early sown crops did not provide 
significantly more forage than the normal sowing rate and time crops in the 1987/88 season, the 
absolute amount accumulated (2640 kg DM ha-1) was still comparably higher than the other seasons, 
indicating a favourable growth year. 
Table 2.1: Winter forage production of Barbarrosa barley with different sowing systems. Adapted from 
Bonachela et al. (1995). 
   Dry matter (g m-2) 
  1987/88 88/89 89/90 
Normal sowing date 
normal sowing density 234 a 58 a 110 a 
Early sowing date 
normal sowing density 264 ab 79 b 237 b 
Normal sowing date 
high sowing density 311 b 90 b 131 a 
LSD (*=P<0.01) 66* 18* 95* 
 
2.2.2 Canola 
Both winter and long season spring cultivars of canola have been proven to be suitable for dual-
purpose use in Australia. Kirkegaard et al. (2008b) performed a series of experiments near Canberra, 
Australia (630 mm annual rainfall) with both Australian mid-late maturing spring (Hyola 60 and 
Thunder) and European winter canola varieties (Maxol, Capitol and Columbus). Winter varieties sown 
in early March produced 2.5-3.5 t DM ha-1 in 8 weeks, providing up to 1 t DM ha-1 of forage in early 
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May, with Thunder producing similar vegetative biomass, but flowering begun in May and subsequent 
recovery was poor. Sowing of winter canola varieties in mid-April yielded 3.0-5.0 t DM ha-1 by 23 
August, with 0.3-2.6 t DM ha-1 removed during grazing. If grazing was delayed after stem extension in 
mid-August until 13 September, 6-8 t DM ha-1 had accumulated, providing 3.36-4.30 t DM ha-1 of 
forage. When sown in mid-April, 2.5 t DM ha-1 was removed by grazing Hyola 60 on 23 August, with no 
decrease in grain yield.  
Sowing of grain-only spring canola in Australia occurs in autumn, when there is a decreasing 
photoperiod (Kirkegaard et al. 2012b). It remains in a vegetative state through the winter period, with 
reproductive development initiated when day lengths begin to exceed 10-12 hours (Salisbury & Green 
1991). Planting 2-3 weeks earlier than a grain-only canola crop has shown to be successful in Australia 
with spring crops, with grazing before flowering delaying the commencement of flowering, resulting 
in flowering occurring at a similar time to a grain-only crop (Kirkegaard et al. 2008b; McCormick et al. 
2012). 
The sowing of spring varieties in March was shown to be too early as floral development was initiated 
(Kirkegaard et al. 2008a). This is concordant with the recommendations by McRae et al. (2003), who 
suggest sowing spring canola varieties for grain only should not occur before mid-April to avoid 
excessive early growth, early flowering and greater disease and frost risk. For New Zealand, the feed 
deficit period that where additional forage would be most useful is over June and July. April sowing 
would be too late to take advantage of warmer autumn temperatures, resulting in accumulation of 
forage. Due to this, the use of winter cultivars in New Zealand is necessary to facilitate sowing in 
February or earlier, to avoid vernalisation. 
There is limited information on canola as a dual-purpose crop in New Zealand, and therefore the dry 
matter accumulation during autumn leading up to winter is not documented. The use of forage-only 
brassicas such as kale (Brassica oleracea var. acephala), swede (Brassica napus var. napobrassica) and 
forage rape (Brassica napus) sown in spring/summer for autumn grazing is popular (Adams et al. 2005).  
Adams et al. (2005) compared the impact of four different sowing dates on the dry matter 
accumulation of four forage brassicas sown in Canterbury (Table 2.2). The leaf yield between rape and 
kale was not significantly different, however rape produced 1,420 kg DM ha-1 (P <0.05) less stem by 15 
July. Time of sowing significantly (P<0.001) affected the total above ground dry matter accumulation 
at harvest on 15 July, decreasing from 10,910 kg DM ha-1 for 16 January sowing, to 4,540 kg DM ha-1 
when sown on 8 March.  
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Table 2.2: The effect of brassica cultivar and sowing time on final yield. Adapted from Adams et al. 
(2005). 
    Total yield Leaf yield Stem yield 
    (kg DM ha-1) (kg DM ha-1) (kg DM ha-1) 
Cultivar    
 Golaith Rape 7,410 b 3,940 a 3,460 b 
 Gruner Kale 8,860 a 3,980 a 4,880 a 
 S.E. 260 120 180 
Sowing Time    
 16 January 10,910 a 4,030 b 6,880 a 
 3 February 9,090 b 3,770 b 5,320 b 
 18 February 7,590 c 4,620 a 2,970 c 
 8 March 4,540 d 3,580 b 960 d 
  S.E. 290 130 200 
Means with different letters within columns are significantly different using a 5% L.S.D. 
Leaf yield did not significantly differ between sowing times, except for the 18 February sowing time 
(4,620 kg DM ha-1 opposed to 3,580-4,030 g DM ha-1) showing an irregularity opposed to a trend, with 
stem yield accounting for the variation in total yield. Goliath rape and Gruner kale accumulated the 
same amount of leaf biomass by harvest, however kale accumulated 1,220 g DM ha-1 more stem dry 
matter before 15 July. It was therefore concluded that sowing winter brassicas should occur in mid-
January in Canterbury, allowing the greatest accumulation of forage for winter. When grazing dual-
purpose canola, the intention is to only removed the leaves and not remove the stem, leaving a source 
of stored sugars to be remobilised during recovery (McCormick et al. 2013). Adams et al. (2005) found 
leaf numbers accumulated linearly for 80 days following the 16 January sowing time, before the 
appearance rate reducing (Figure 2.2). Leaf senescence rate then exceeded leaf appearance rate 85 
days after sowing. Stephen (1976) concluded that kale leaf yields increased to approximately 4,000 kg 
DM ha-1, then stabilised. Brown et al. (2007) supported the evidence of a ceiling leaf yield, however 
reported this at 3.1 t DM ha-1 1620 °Cd after sowing, considerably lower than both Adams et al. (2005) 
and Stephen (1976). These New Zealand studies on kale and rape are analogous with the findings of 
Kirkegaard et al. (2008b) that 3,360-4,300 kg DM ha-1 of forage can be removed from a dual-purpose 
canola crop. 
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 Figure 2.2: Interaction between cultivar and sowing time for total amount of appeared leaves (graph 
A: left) and senesced leaves (graph B: right). From Adams et al. (2005). 
In the high-rainfall mixed farming areas of Australia, fodder rape (Brassica napus var. biennis) are often 
sown in spring to provide forage during summer (Paridaen & Kirkegaard 2015). These crops remain 
vegetative, and are either cultivated of sprayed in late summer-autumn, followed by an autumn-sown 
cereal, or fallow then a spring cereal. Paridaen and Kirkegaard (2015) investigated the feasibility of 
sowing winter canola varieties in spring; providing grazing whilst remaining vegetative in summer, 
autumn and winter; then successfully recovering to provide a seed harvest after vernalisation. It was 
found that winter varieties would remain vegetative, but winter x spring crosses and spring cultivars 
had insufficient vernalisation requirement, responding to the long day lengths and bolted to flower in 
the summer period. The safe sowing time for the winter cultivars of Hyola 930 and CB Taurus ranged 
 9 
from mid-October to early November, comparable to forage-only brassica crops sown for summer 
feed. Winter canola was sown as early as 26 September and remained vegetative throughout the 
season, however a commercial crop of CB Taurus sown on 20 September at Delegate, NSW had plants 
in lower, colder parts of the field flower during the summer, as they had satisfied their vernalisation 
requirement.  
Paridaen and Kirkegaard (2015) sowed CB Taurus on 16 November, commencing grazing at the end of 
January when 3.7 t DM ha-1 was available, with up to 3.9 t DM ha-1 consumed by a final grazing 
treatment that concluded on 7 May. The following year, a trial with five winter canola cultivars was 
sown on 12 November, with grazings on 25 January and 1 March for 7 days, plus a 3 day grazing in 
early May. 2.31-2.87 t DM ha-1 was consumed in total off all cultivars, not statistically significant. 
The opportunity of sowing winter canola in late summer to provide a sufficient yield of accumulated 
forage for a winter grazing is evident, however the results from Paridaen and Kirkegaard (2015) 
indicate that the sowing of winter canola varieties potentially could occur in New Zealand anytime 
from mid-October onwards, allowing for one or more substantial grazing opportunities in late summer 
through until winter.  
2.3 Grazing management 
Grazing of a dual-purpose crop requires a different approach to the traditional New Zealand method 
of break-feeding forage-only crops. It is common practice with brassica crops to allocate 1-3 day 
breaks, which often results in pugging due to the high stocking rate and small area in conjunction with 
typically wet conditions in winter (White et al. 1999). Annual ryegrasses and cereals are also a popular 
choice of forage for livestock in New Zealand during winter. With correct management, it is possible 
to achieve recovery and subsequent grazings or harvest for silage. Where recovery of a forage crop is 
desirable, crops are generally still allocated to stock in breaks of up to three days and back fencing of 
grazed breaks is used to allow recovery and remove stock pressure. Neither of these methods are 
appropriate for grazing of dual-purpose crops as break feeding risks trampling damage of the crop and 
pugging of soils, and back fencing will result in uneven recovery of a crop from one end of a paddock 
to another. Logically, a period of set stocking would seem to be the most appropriate method of 
grazing a dual-purpose wheat or canola crop, especially over the winter period where soils are wet and 
vulnerable to pugging, although the rationing of feed becomes difficult, as stock are essentially fed ad 
libitum, until the available biomass is removed. In Australia, the majority of dual-purpose crops are set 
stocked for a period of several days to weeks at stocking rates of at least 20 dry sheep equivalents 
(DSE) ha-1 to ensure even grazing residual (Harrison et al. 2011a; Virgona et al. 2006).  
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The grazing of livestock on cropping land can risk soil damage. A review and subsequent experiments 
by Bell et al. (2011) identified treading by livestock to increase soil strength and bulk density; and 
reduced macro-porosity, hydraulic conductivity and infiltration rate. It was concluded that livestock 
had a small impact of subsequent crop productivity (<10%) as wetting and drying cycles, soil biological 
activity and soil disturbance rectify the relatively shallow damage (top 0.1 m). The risks posed by 
grazing livestock can be minimised by avoiding excessive grazing during wet conditions and 
maintaining adequate residual cover. 
The majority of trials have grazed dual-purpose crops with sheep, predominantly in Australia, without 
hindering grain yield under certain grazing treatments (Davidson et al. 1990; McCormick et al. 2012; 
Paridaen & Kirkegaard 2015; Virgona et al. 2006). Grazing generally occurs at medium to high stocking 
rates, for a period of several days to several weeks. There is limited literature on grazing dual-purpose 
crops with cattle from Australia. The United States has several examples of successfully grazing wheat 
with cattle and not hindering grain yield (Dunphy et al. 1982; Fieser et al. 2006; Morgan et al. 2012; 
Winter & Thompson 1987). The practises outlined in the United States generally graze for longer 
periods (one to four months) of grazing at lower stocking intensities, terminating when stem extension 
begins. The weight of cattle compared with sheep may be of some concern when grazing dual-purpose 
crops, especially in wetter New Zealand winter conditions as the potential for pugging and physical 
damage of plants by trampling may reduce tiller and plant numbers, reducing grain yield. One study 
by Dann et al. (1983) near Canberra, Australia compared the grazing of dual-purpose cereals with 
either sheep or cattle. Cattle did not significantly (P<0.05) outperform sheep for liveweight gain, but 
were more profitable due to the higher price per kg received for cattle at the time. No difference in 
grain yield was experienced between sheep or cattle grazing, and the study concluded that the 
deciding factor whether to graze dual-purpose crops with sheep or cattle was relative meat prices, 
however grazing dual-purpose crops with cattle has not been pursued in Australia since. Aside from 
two masters theses by Neely (2010) and Walsh (2012) investigating grazing winter canola with cattle 
at the University of Idaho in the United States, there is no other literature on grazing with cattle. Based 
on the literature available regarding dual-purpose wheat, stock class does not influence recovery, 
other grazing factors such as duration, residual biomass and phenological stage at termination of 
grazing determine the success or otherwise of dual-purpose crops. 
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2.3.1 Duration and intensity of grazing 
The biomass available at the commencement of grazing, duration of grazing period and growth during 
grazing define the quantity of forage consumed. The length of the grazing period and residual biomass, 
determined by stocking rate, determine the ability of the crop to regrow, and provide subsequent grain 
harvest (Kirkegaard et al. 2008b; Virgona et al. 2006). 
Wheat 
Virgona et al. (2006) performed an experiment where a dual-purpose wheat crop was sown on 25 April 
and grazed for 0, 15, 25, 33, 41 and 51 days by pregnant Merino x Border-Leicester ewes, commencing 
on 6 July (Table 2.3). Mean growth rate over the grazing period was 51 kg DM ha-1 day-1, therefore the 
extended period of time grazing did not result in more severe defoliation of the crop. Above-ground 
dry weight was maintained at approximately 500 kg DM ha-1 for the period of grazing. Grazing in this 
experiment commenced as soon as the wheat plants had at least 5 leaves, and had significant rooting 
to prevent removal of plants from the soil during grazing. In New Zealand, particularly the South Island, 
it would be unreasonable to expect such growth during the grazing period due to the colder climate, 
hence there would not likely be an opportunity to maintain such stocking rates for this period of time.  
No literature was found containing winter growth rates of wheat in New Zealand, presumably because 
the forage biomass accumulation over winter has not been of great importance when growing a grain-
only crop. Scott and Hines (1991) reported 1740 kg DM ha-1 and 1430 kg DM ha-1 had accumulated on 
triticale and barley by grazing on 26 August, 120 days after sowing on 28 April. The growth rate from 
sowing to grazing was 14.5 kg DM ha-1 day-1 for wheat and 11.9 kg DM ha-1 day-1 for barley, but the 
inclusion of the germination-establishment period skews the average. The growth rate of barley was 
38 kg DM ha-1 day-1 and triticale was 25 kg DM ha-1 day-1 in the 30 days preceding grazing, but at this 
point, warmer spring temperatures would have influenced this rate. Conclusions are difficult to draw 
from this as these crops were not sown earlier than a grain-only winter crop as the majority of 
literature on the topic. Biomass only reached a maximum of 1740 kg DM ha-1 before grazing. In 
comparison, an early-sown dual-purpose study by Dann et al. (1977) recommended allowing up to 
4000 kg DM ha-1 accumulate before grazing. Leaf area index (LAI) during the winter period would be 
comparatively low before the commencement of grazing in the experiment by Scott and Hines (1991), 
resulting in less light interception per unit area, and hence less photosynthetic activity. It would be 
prudent not to rely on winter growth, particularly during grazing, to provide feed as defoliation also 
reduces leaf area and light interception. To get a forage yield that is comparable to other forage crop 
alternatives, a considerable accumulation of biomass should occur before the introduction of stock. 
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Table 2.3: Grazing management of wheat expressed as grazing days and DSE days ha-1. From Virgona 
et al. (2006). 
  
Whilst grazing the crop for a 33 days opposed to 15 days resulted in an extra 476 DSE days ha-1, the 
grain yield achieved fell from approximately 6 t ha-1 to 5 t ha-1 (Figure 2.3). The grain yield appears to 
not be affected by grazing for 15 days. After a period of grazing of 50 days, 1/3 of the grain yield of the 
ungrazed and 15 day grazing treatment had been lost. 
 
Figure 2.3: Grain yield for dual-purpose wheat crops grazed for different durations and with different 
N fertiliser strategies. From Virgona et al. (2006). 
Virgona et al. (2006) stated the importance of stocking rates of at least 20 DSE ha-1 to ensure even 
defoliation across the crop. Sheep selectively grazed the existing laminae of the plants first, then the 
new leaves as they emerged. Low stocking rates could result in patchy grazing, where sheep selectively 
graze in certain areas of the paddock due to preference for the youngest leaves emerging where they 
have previously grazed. 
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Canola 
Recovery and subsequent grain yield of canola following grazing depends on growth stage of the crop 
at grazing, residual biomass, and seasonal conditions (Kirkegaard et al. 2008b; Kirkegaard et al. 2012b; 
McCormick et al. 2012). Kirkegaard et al. (2012a) proposed that there was three stages at which the 
grazing of dual-purpose canola could occur. Firstly, stage 1, where the development of the crop and 
time of grazing are safe, as flowering delay will be minimal, and there is sufficient time to biomass 
recovery. Residual biomass can be as low as 100 kg DM ha-1 with little or no impact on yield.  Stage 2 
is the sensitive period, where a level of residual biomass is necessary to facilitate recovery, even if the 
crop is at a safe vegetative stage although this requirement is more important if the crop has begun 
bud elongation. It was found in the series of experiments at Young, New South Wales, 1.5 t DM ha-1 
residual at mid-July was sufficient to allow recovery of crops grazed at the beginning of bud elongation, 
with an increasing risk of significant yield reductions when residual biomass was <1 t DM ha-1, or the 
crop phenology had advanced further. Stage 3 (from late July/early August) was unsafe for grazing to 
occur despite <3.2 t DM ha-1 residual biomass in one experiment, as a flowering delay of 16 days and 
short crop recovery time resulted in a 3.35 t ha-1 seed yield compared with 4.70 t ha-1 for the ungrazed 
control. Plants had just began elongation at the commencement of grazing on 2 July, with ungrazed 
plants having elongated significantly but with no open flowers at the removal of sheep for the heavy 
graze treatment on 4 August.  
 
Figure 2.4: Estimated post-grazing biomass at stock removal date to achieve a target biomass of 5000 
kg DM ha-1 on 1 September for canola 46Y78 at 60 plants m-2 and 200 kg N ha-1 using APSIM. 
Slope = 49 kg ha-1 day (r2=0.99). Error bars show the standard error of the regression for 
each stock removal date. From McCormick et al. (2015). 
Hocking and Stapper (2001) reported that a grain-only canola crop should have >95% plant ground 
cover at the beginning of anthesis. Where plant ground cover was only 35% at the beginning of 
anthesis, oil yield fell from 1.03 t ha-1 to 0.26 t ha-1. McCormick et al. (2012) supported these findings, 
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concluding that residual biomass and suitable regrowth conditions determined the success of dual-
purpose canola, suggesting that a target biomass of 5000 kg DM ha-1 at flowering was sufficient to 
intercept >90% of solar radiation, and minimise seed yield penalty. The results of a simulation by 
McCormick et al. (2015) in Figure 2.4 show the residual biomass that was required at the termination 
of grazing to achieve the target biomass at flowering on 1 September, the predicted optimum time for 
flowering at Wagga Wagga, New South Wales. Grazing was initiated at 1000 kg DM ha-1 and recovery 
required an average growth rate of 49 kg DM ha-1 day-1 from removal of stock until 1 September. 
McCormick et al. (2015) simulated grazing canola at 10, 20 and 30 DSE ha-1. Stocking at 30 DSE ha-1 
from the initiation of grazing at 1000 kg DM ha-1 until 1 July and 5 August resulted in 1515 and 2868 kg 
DM   ha-1 removed as forage respectively (Figure 2.5). Generally, grazing at 30 DSE ha-1 resulted in a 
post-grazing biomass less than the pre-graze level, as animal consumption exceeded crop growth. 
When grazing was terminated after 15 July, <5% of the years achieved the flowering biomass target. 
Above ground biomass continued to increase during the grazing period when stocked at 10 DSE ha-1. 
Forage yield was low with a maximum of 1437 kg DM ha-1 removed when grazing was terminated on 
5 August, and <989 kg DM ha-1 consumed in 50% of years. Stocking canola at 20 DSE ha-1 maintained 
biomass throughout the grazing period, with a maximum of 1860 kg DM ha-1 and 2874 kg DM ha-1 
when grazing was terminated on 1 July and 5 August respectively. The simulation concluded that 
stocking 20 DSE ha-1 for 20-50 days was feasible, providing 400-800 DSE days ha-1. 
Stocking at lower intensities increases the period of time that canola is able to be grazed for. 
McCormick et al. (2015) relied on the growth during the grazing period as did Virgona et al. (2006) 
when grazing a dual-purpose wheat crop. Once again, growth of canola in June and July in New Zealand 
would be unreliable due to the cooler temperatures. A variable sowing rule was stipulated by 
(McCormick et al. 2015), requiring of 25 mm of rainfall over three consecutive days between 1 April 
and 1 July to initiate sowing. This is a large source of the variation in yield, as grazing would commence 
at varying times year to year, once 1000 kg DM ha-1 had accumulated. More reliable rainfall in New 
Zealand and the popularity of irrigation on the Canterbury Plains would allow New Zealand farmers to 
sow earlier, and accumulate biomass before grazing, as occurred in the experiments by Kirkegaard et 
al. (2008b) and Paridaen and Kirkegaard (2015). This would then allow for flexibility of time of grazing 
and stocking rates. Duration of grazing would be limited, with termination occurring before the crop is 
defoliated below the required post-grazing biomass for the specific time of grazing, allowing for 
adequate recovery to 5000 kg DM ha-1 at the onset of flowering. 
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 Figure 2.5: Effective stocking rate (DSE-days ha-1), total dry matter intake and biomass on 1 September 
for canola (cv. 46Y78) at 60 plants m-2 and 200 kg N ha-1. Three stocking rates for removal 
dates based on variable sowing rule and grazing initiation at 1000 kg DM ha-1. Box plots 
range from 25th to 75th percentile with median line. Whiskers extend to 10th and 90th 
percentile, with outliers marking 5th and 95th percentile (X). From McCormick et al. (2015). 
The grain yield of canola is often determined by the date of flowering (Hocking & Stapper 2001). The 
delay in maturation of the crop results in increasing water stress during pod-fill in dryland systems. 
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Kirkegaard et al. (2008b) outlined the delay in flowering observed from his series of experiments 
between 2004 and 2006 (Table 2.4). The delay was minimal (0-3 days) if grazing occurred when the 
crop was still vegetative with no buds visible, and up to two weeks delay was experienced if grazing 
commenced after buds had elongated >20 cm. McCormick et al. (2012) reported an average flowering 
delay of four days when canola was grazed. McCormick et al. (2015) agreed with the three stages at 
which a canola crop can be grazed that were defined by Kirkegaard et al. (2012a), however the timing 
of each stage was earlier at Wagga Wagga due to the shorter growing season and increased risk of dry 
conditions during grain filling. Delayed flowering is not likely to be a major determining factor in New 
Zealand as water stress does not usually occur until later in summer on dryland properties, and much 
of the suitable cropping areas have irrigation. Biomass at flowering to ensure maximum radiation 
interception is considerably more important to determine grain yield. 
Table 2.4: Effect of grazing at different development stages on flowering tome and height in canola. 
Adapted from Kirkegaard et al. (2008b). 
Growth stage when grazed 
Delay in 
flowering 
(days) 
Height 
reduction 
(cm) 
Vegetative, no buds visible  0-3 none 
Buds visible, not elongated  4-6  0-10 
Buds elongated (>20 cm), no flowers open  7-15  10-20 
First flower to full flower  26-30  30-40 
 
Canola was rarely defoliated to less than 700 kg DM  ha-1 due to the large stem base and thick petioles, 
which sheep were unwilling to consume (McCormick et al. 2012). Kirkegaard et al. (2008b) reported 
around 2000 kg DM ha-1 of residual biomass following grazing. Dual-purpose wheat is regularly 
defoliated to approximately 500 kg DM ha-1 during grazing (Virgona et al. 2006).  The higher levels of 
residual biomass when grazing canola need to be recognised, as not all of the standing forage may be 
consumed, and a substantial proportion must remain to ensure recovery. 
2.3.2 Initiation of grazing 
In general, the later a crop is left before grazing, the greater the amount of biomass available to 
livestock will be. Delaying grazing of a dual-purpose wheat crop was recommended by Davidson et al. 
(1990). For long-season wheats, the amount of biomass harvested from crops that commenced grazing 
on 3 April, 1 May and 29 May was 5.03, 5.88 and 7.15 t DM ha-1 respectively. This is despite the two 
early sown treatments being harvested every four weeks until 24 July, but the late treatment was only 
able to be recut at the same time interval until 26 June as the growing point emerged above the soil 
surface before the next cut. Even when allowed to recover, leaf area was not substantial enough to 
match growth rates of the yet ungrazed plots, which resulted in less overall forage biomass. Higher 
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leaf area index (LAI) allowed the wheat that commenced grazing on 29 May to maintain a higher 
growth rate, as light interception was greater and hence the crop had a prolonged greater level of 
photosynthetic activity per unit area than the early grazing treatments. 
Kirkegaard et al. (2008b) commenced grazing of two winter canola cultivars either 130 or 150 days 
after sowing in 2005. Above average rainfall was experienced in 2005, which provided better growth 
conditions for the crops, however, the delay in grazing of 20 days gave an increase of 700 kg DM ha-1 
to 3.51 t DM ha-1 for Capitol and 3.41 t DM ha-1 to 8.11 t DM ha-1 for Maxol canola respectively. This 
delay was in the spring period, where warmer temperatures allowed for high growth rates. Kirkegaard 
et al. (2012a) grazed the hybrid cultivar 46Y78 sown on 16 April throughout July, at an intensity of 700 
DSE days ha-1. Crop biomass was 2.41 t DM ha-1 at the introduction of sheep to the crop, and there was 
no significant reduction of seed yield. 
2.3.3 Closure 
It is critical for dual-purpose cereals that grazing is terminated at or before growth stage (GS) 30 
(Harrison et al. 2011a). By GS31, the first node is at the soil surface and the apical meristem rises rapidly 
as the stem begins to elongate (Zadoks et al. 1974). At GS30, the apical meristem and final leaves are 
still below ground and not at risk of being removed by grazing animals. Removal of the growing point 
results in tiller death, which reduces grain yield (Harrison et al. 2011a). Redmon et al. (1996) conducted 
a study on the net return of dual-purpose wheat crops grazed by cattle. It was reported that the most 
profitable point to terminate grazing was at ‘first hollow stem’ (equivalent to GS30) of an ungrazed 
plant, when the growing point is just below the soil surface. Grain yield decreased 83 kg ha-1 day-1 that 
cattle remained grazing past the first hollow stem stage, and this loss was not recovered by increased 
weight gain of the cattle.  
Fieser et al. (2006) reported that grazing cattle on a winter wheat crop on Oklahoma past GS30 
decreased grain yield by 9 kg ha-1 day-1 (Figure 2.6). The termination of grazing before GS30 had no 
significant effect on grain yield. 
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 Figure 2.6: Response of winter wheat grain yield in Oklahoma to different cattle grazing termination 
dates expressed as days relative to first hollow stem (FHS, equivalent to GS30). From Fieser 
et al. (2006). 
 Virgona et al. (2006) reported that for every 4-5 days grazing, anthesis was delayed by 1 day when 
compared with an ungrazed crop. If the recommendation of grazing wheat for a period no longer than 
approximately 20 days is adhered to, then anthesis is delayed by only 4-5 days in total. 
As indicated by Virgona et al. (2006), grain yield is unaffected compared with an ungrazed crop if the 
grazing period is less than 15 days, however beyond that, grain yield begins to suffer (Figure 2.3). The 
crop may not have reached GS30 after 15 days grazing, and stocking rates if stocking rates are not 
sufficiently high, forage may remain, however extra time grazing risks reducing grain harvest. Grazing 
for 25 days opposed to 15 days resulted in grain yields of approximately 5 t ha-1 opposed to 6 t ha-1. 
Closure of a dual-purpose cereal crop should be at GS30 or no later than 20 days after the 
commencement of grazing, whichever occurs first. Closure at 15 days occurred before the appearance 
of double ridge, but termination after 25 days occurred after double ridge. Grazing for 33 days was 
terminated after glume differentiation. Grazing appears to delay the onset of double ridge, however 
grazing long periods of stocking result in grazing continuing once the crop has switched to reproductive 
development. 
Winter and Thompson (1987) commenced grazing of a wheat crop with cattle in Texas when the crop 
was fully tillered and 0.25-0.30 m tall. Grain yield was the same (4.79 t ha-1) for grain only crops and 
those grazed, but closed on 1 February, 31-75 days after the introduction of cattle. All other grazing 
durations of grazing reduced grain yield, to as low as 2.4 t ha-1 for crops grazed until 13 April. It was 
found that grazing past 6 March (GS30) delayed stem extension, and tiller death was observed when 
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grazing past mid-March. The duration of grazing did not reduce grain yield in this case, which is in stark 
contrast to the findings by Virgona et al. (2006), perhaps due to the stocking rate of 1120 kg ha-1 of 
initial liveweight, under half the approximate rate of 2800 kg ha-1 liveweight of the pregnant ewes that 
Virgona et al. (2006) used. Perhaps due to trampling, cattle must be stocked at a lower rate, although 
this may be at the expense of even grazing residual. 
The literature suggests that canola does not have a specific closure time or developmental stage, 
provided grazing has commenced before the beginning of bud elongation (Kirkegaard et al. 2008b; 
Kirkegaard et al. 2012a). A residual post-graze biomass sufficient to allow 5000 kg DM ha-1 to 
accumulate at anthesis, intercepting >90% of solar radiation is required to prevent grain yield penalty 
(McCormick et al. 2012). The residual biomass required depends on the timing of termination, and 
seasonal conditions conducive to recovery. Grazing at bud elongation has also been shown possible 
without an impact on yield, so long as the crop had favourable conditions and sufficient time to recover 
(Kirkegaard et al. 2012a). This resulted in a 2-3 weeks delay in flowering, but if soil moisture was not 
limiting during pod-fill, seed yield was unhindered.  
2.4 Physiological response to defoliation 
The physiological response of a plant to grazing depends on the amount of biomass removed, and the 
growth stage at which this occurs (Richards 1993). The literature is relatively scarce on plant responses 
of dual-purpose wheat and canola to defoliation. 
2.4.1 Wheat 
Grazing a wheat crop appears to have a minor delay on the date of anthesis, provided that grazing 
occurs before GS30, and this is determined by duration. Virgona et al. (2006) reported one day delay 
per 4-5 days of grazing. These delays were due to late termination of grazing. Delayed development 
and growth following grazing often resulted in poor grain yield, as maturation was later and 
increasingly likely to be under moisture and heat stress (Harrison et al. 2011a). The importance for 
rapid leaf area development after grazing to maximise subsequent grain production was stressed. 
Harrison et al. (2011b) performed an experiment where wheat was grazed with 33 sheep ha-1 for 31 
days (LS), 67 sheep ha-1 for 33 days (HS) or 33 sheep ha-1 for 62 days (LL). Long duration, low intensity 
grazing was found to reduce the maximum growth rate of wheat, and hence decreased the total 
biomass at maturity. Short duration, intense grazing resulted in similar consumption of forage by 
sheep, with initial growth rate immediately post-grazing reduced, but the maximum growth rate was 
either unchanged, or increased relative to ungrazed treatments. 
Kelman and Dove (2009) found the regrowth of wheat following grazing was dependant on available 
soil moisture. The dry spring years of 2004 and 2006 resulted in 33% and 35% less growth than the 
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ungrazed controls between grazing and harvest respectively, but a 17% increase was evident in the 
wetter spring year of 2005. The moisture stress was responsible for limited leaf area development, 
ensuing lower photosynthetic activity per unit area and crop growth rate. 
Literature was limited on the mechanisms of compensatory growth rates of cereal crops, thus no 
information was found on increased assimilate allocation to stem or remobilisation of carbohydrates 
to increase the relative growth rate and partitioning to photosynthetic structures. It is apparent that 
water availability is a key determinant of the ability of a crop to recover. If drought stress is predicted, 
it may be wise to graze less intensely to ensure the crop captures sufficient radiation for recovery, 
anthesis and grain fill. 
2.4.2 Canola 
McCormick et al. (2013) investigated the effects of multiple defoliation intensities at either the 
commencement of stem elongation or when apical buds were visible on the development, growth, 
photosynthesis and allocation of carbohydrates. Degree of defoliation affected the development more 
so than the timing. Complete defoliation and bud removal resulted in a delay in time to flowering of 
19 days, regardless of time of defoliation (Figure 2.7). Early defoliation delayed flowering by nine days 
for full defoliation and 2.5 days for half defoliation. Removal of all or half of the leaves at bud 
emergence did not delay flowering.  
 
Figure 2.7: Days after sowing of first flower of canola (2 x SED = 2.10), and biomass of plant components 
at first flower defoliated at varying times and intensities. Tap root (2 x SED = 0.46) -        . 
Stem (2 x SED = 1.88) -         . Leaf (2 x SED=1.42) -         . Vertical bars represent 2x SED. 
Adapted from McCormick et al. (2013). 
 
Flowering requires stem extension to expose apical buds, then these apical buds must mature to 
produce a flower (McCormick et al. 2013). The removal of buds results in the greatest delay in 
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flowering, new leaves and buds had to develop form the axillary meristems. Biomass of all components 
of the plants were reduced at flowering following defoliation when compared with the undefoliated 
control. Stem proportion remained at 50% for all treatments except for those where the bud was 
removed, and the late half defoliation, where it increased to 58%. Leaf area at first flower was 926 cm2 
for the first complete defoliation, but 642 cm2 for the late complete defoliation. No delay in flowering 
for the late defoliation treatment, so consequently there was less time to recover leaf area. Complete 
defoliation and bud removal after buds were visible doubled the leaf area at first flower when 
compared to the late complete defoliation only, as the greater delay in flowering gave more time for 
leaf recovery. 
Stem growth is limited immediately after defoliation and was decreased 56-86% in the defoliated 
treatments compared to the undefoliated control (McCormick et al. 2013). This lack of assimilate for 
stem growth was suggested to delay the appearance of floral buds.  
Leaf area and biomass was rapidly re-established by defoliated plants, increasing at the same rate of 
the undefoliated plants (McCormick et al. 2013). The decrease in both stem and root growth indicates 
the partitioning of biomass into leaf production to increase photosynthetic area. Whilst total biomass 
did not recover to the levels of undefoliated plants, the proportion of leaf dry matter was restored. 
The recovery of leaf area was facilitated by the remobilisation of non-structural carbohydrates from 
the stem (sugars) and root (starch). Per gram of regrowth, leaf area increased 158 cm2 for the complete 
defoliation, 27 cm2 for the half defoliation and 13 cm2 for the undefoliated treatments respectively.  
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2.5 Conclusions 
• There is sufficient evidence in the literature to suggest that both wheat and canola may be 
suited for use on New Zealand pastoral and mixed arable farms to fill a feed deficit, 
traditionally filled by forage-only cereal or brassica crops.  
• Grain yields of wheat have matched those of ungrazed crops in studies in Australia and the 
United States of America. Recent work in Australia predominantly has shown this to be 
possible with canola. 
• The accumulation of sufficient biomass before the winter grazing period will determine the 
forage value of the crop, as winter growth rates can be unreliable. Earliness of sowing will 
dictate the amount of forage accumulated before winter. 
• The duration of grazing is a key determinant of the rate of regrowth of wheat, which in turn 
determines grain yield at maturity.  
• Closure of wheat at GS30 is crucial to avoid removal of the shoot apex and subsequent tiller 
death. 
• Yield of dual-purpose canola is reliant on crops having sufficient biomass to intercept >90% of 
solar radiation at flowering. To ensure a crop has sufficient biomass to recover, later closure 
dates require greater post-graze residual.  
• Grazing after bud elongation in canola delays flowering, which may reduce yield by increasing 
heat and moisture stress during crop maturation. 
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3. MATERIALS AND METHODS 
3.1 Experimental site 
An experiment was carried out in Iverson Field (Block I11) adjacent to the Lincoln University Field 
Service Centre, Canterbury, New Zealand (43° 38’ S, 172° 28 E, 11 m above sea level) The soil was 
classified as a Wakanui silt loam with 180-350 mm of silt loam top soil overlaying varying textural layers 
ranging from sandy loam to clay loam. Below the top 2 m is stony gravel and stones (Cox 1978). 
A red clover experiment previously occupied the experiment site since 2010. This was over-sown with 
annual ryegrass in March 2014. The entire site was sprayed with Buster (glufosinate-ammonium, 200 
g L-1) at 7.5 L ha-1 on 31 October 2014, then with Roundup Ultramax (glyphosate, 570 g L-1) at 2 L ha-1 
on 17 November. On 20 November the site was rotary hoed then ploughed, and Dutch harrowed and 
rolled on 21 November. Superphosphate (9% P, 12% S) was spread at 250 kg ha-1 on 27 November and 
urea (46% N) was applied at 100 kg ha-1 on 1 December. The site was then rotacrumbled on 3 December 
and received a final Dutch harrow and roll on 4 December. Time of sowing (TOS) 2 sub-plots were 
resprayed with glyphosate at 2 L ha-1 on 2 February 2015. 
3.2 Experimental design 
The experiment was a split-plot design with four blocked replicates. The treatments were two crops 
(main plots), two times of sowing (sub-plots), two grazing methods (sub-sub-plots) and three times of 
grazing closure (sub-sub-sub plots), with 96 plots in total (Figure 3.1). The plots were sown with 
‘Empress’ winter wheat (Triticum aestivum L.) and ‘Sensation’ canola (Brassica napus), selected for 
their winter characteristics, ensuring a long period of vegetative growth and anthesis delayed until 
spring. ‘Empress’ is a full season winter wheat, bred by Luisetti Seeds and Plant and Food Research 
(Lincoln, New Zealand). ‘Sensation’ is a late maturing conventional winter hybrid cultivar, suitable for 
early sowing. Sowing of sub-plots occurred on 9 December 2014 (TOS 1) and 17 February 2015 (TOS 
2). Grazing of sub-sub-plots was either by set stocking for a minimum of 18 days, or crash grazing for 
24 hours. Grazing was terminated at 18, 28 and 45 days after the commencement of grazing for closure 
1, 2 and 3 respectively. 
3.3 Experimental area 
Each plot was 24 m by 20 m (480 m2). This was split in half for each sowing date (12 m by 20 m, 240 
m2), and sown with a ‘Flexiseeder’ plot drill with 15.42 cm row spacing. Wheat was sown at 90 kg ha-1 
for a target population of 200 plants m-2 and canola was sown at 4.4 kg ha-1 to achieve 80 plants m-2. 
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 A 96 m by 18 m (1728 m2) lane in the centre of the paddock between replicates 1 and 3, and 2 and 4 
was sown with canola and two 9 m by 96 m (864 m2) lanes, one each side of the paddock, were sown 
with wheat at the first time of sowing (Figure 3.1). A 60 m by 36 m (2160 m2) buffer area at each end 
of the paddock was sown in either wheat or canola.  
 
Figure 3.1: Experiment plan for dual-purpose wheat and canola grazing trial in I11, Lincoln University, 
Canterbury. The treatments were blocked by four replicates, two crops, two TOS, two 
grazing methods and three times of closure. 
3.4 Meteorological data 
Data from the Broadfields meteorological station, approximately 2 km north of the experimental site 
(43°62’S, 172°47’E), was used to calculate mean monthly air temperature and total monthly rainfall 
data, presented in Figure 3.2. The long term average monthly temperature and total monthly rainfall 
means recorded in the same location from 1975 to 2014 (39 years) are also presented. 
The long term average rainfall for the site is 632 mm, however between November 2014 and October 
2015, a cumulative total of 430 mm has fallen. With the exception of April, June and September which 
exceeded the long term mean by 28 mm, 11 mm and 16 mm respectively, all other months received 
13 mm to 53 mm less rainfall than the long term mean. A mean air temperature between November 
2014 and October 2015 of 11.9 °C slightly exceeded the long term mean air annual air temperature of 
11.4 °C. Average monthly temperatures were within the normal range, with the exception of January 
2015 (17.7 °C) and October 2015 (12.5°C).  
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Figure 3.2: a) Total monthly rainfall ( ) and b) mean monthly air temperature ( ) for 
2014/2015 growing season, with long term means ( ) from the Broadfields 
meteorological weather station site (43°62’S, 172°47’E). 
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3.5 Grazing management 
The livestock were Coopworth ewe hoggets, obtained from the Lincoln University Ashley Dene flock. 
Before the commencement of each grazing, the appropriate number of animals required were selected 
on liveweight, with those closest to the mean of the flock being chosen. Stocking rate was calculated 
on a sheep ha-1 basis due to the small variation in sheep liveweight. These were transitioned on to 
crops using the buffer areas over 10 days preceding both grazing periods. 
From 23 February 2015, the buffer, lane and TOS1 areas of wheat and canola were set stocked with at 
37 sheep ha-1. On 10 March, the stocking rate on canola was increased to 74 sheep ha-1, as growth was 
exceeding consumption. Sheep were removed from both crops on 23 March. Residual biomass was 
targeted at 500 kg DM ha-1 and 1000 kg DM ha-1 for wheat and canola respectively. 
From 5 June, the set stocked plots, along with the lane and buffer for each crop, were grazed at a 
stocking rate of 20 sheep ha-1 for 18 days, until the closure 1 date of 23 June. Closure 2 plots were 
stocked for a further 10 days until 3 July. Grazing of closure 3 plots for canola was terminated on 10 
July, 35 days after the beginning of grazing as virtually all leaf had been removed. Closure 3 wheat was 
grazed for a further 10 days at 12.5 sheep ha-1. 
The grazing of the crash treatments was to coincide with the closure of the set grazing treatments. Due 
to a limited supply of portable yards, grazing of each crash treatment began 8 days before the intended 
closure, as the same sheep were used for each replicate and TOS for one crop. Plots were grazed for 
24 hours, with the intention to remove all leaf area of both species. 
Temporary electric fencing (‘Flexinet’) was used to separate the wheat and canola plots, exclude sheep 
from TOS2 plots during the February-March grazing and from the crash grazing plots. These were 
progressively shifted to exclude stock from the set stocked plots at each closure time. Portable yards 
were used to contain sheep on the crash grazing treatments. 
3.6 Site management 
Urea was applied to the entire site at 100 kg ha-1 on 24 April and 200 kg ha-1 on 20 August, after both 
of the grazing periods. 
The site received 20 mm of irrigation on 15 January 2015, 30 mm on 3 February and 10 February, and 
a further 20 mm on 18 February, the day after the sowing of TOS 2. 
Dew 600 (diazinon, 600 g L-1) insecticide was applied to both crops at 1 L ha-1 on 2 February 2015. 
Pirimor 50 (pirimicarb, 500 g kg-1) insecticide was applied at 200 g ha-1 to canola on 22 May to control 
aphids. Both crops received a further application of Dew 600 at 1 L ha-1 on 21 September. Despite the 
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extensive application of pesticides to control aphids before the winter grazing period, the canola was 
infected with a virus, which affected subsequent plant regrowth and development. 
On 6 August, a selective herbicide was applied to both crops to remove weeds. Wheat received 150 g 
ha-1 Hussar (iodosulfuron-methyl-sodium, 50 g kg-1) whilst Gallant Ultra (haloxyfop-P-methyl, 520 g L-
1) was applied at 300 mL ha-1 to canola. 
On 21 September, Proline (prothioconazole, 250 g L-1) and Serguris Flexi (isopyrazam, 125 g L-1) 
fungicides were applied to all wheat plots at 700 mL ha-1 and 1 L ha-1 respectively.  
3.7 Measurements 
3.7.1 Biomass and LAI 
A visual scoring method was used to determine dry matter of the TOS 1 sub-plots without destructive 
sampling. Measurements were taken before the commencement of the February grazing, at 2 weeks, 
termination of grazing and 18 days post grazing. Fifteen visual estimates were ranked in each plot then 
averaged, which was calibrated to calculate biomass (kg DM ha-1) with 10 calibration cuts by scoring 
then cutting four drill rows of a 0.5 m quadrat at ground level from the buffer or lane area. Samples 
were dried in a forced air oven at 70 °C for a minimum period of 48 hours before weighing. This method 
was also used to determine the biomass at 5 June. 
Grazing exclusion cages were placed on each crop and time of sowing, and cut to 25 mm height at the 
commencement of each grazing period. At the termination of the autumn and winter grazings, these 
were recut to the same height, dried and weighed to determine growth per day during the grazing 
period. 
Samples were collected from each plot at the termination of grazing, then again at the accumulation 
of approximately 350 °C d and 700 °C d after grazing had ceased. Four rows of a 0.5 m were cut at 
ground level and sub-sampled (approximately 50 g of wheat, five representative plants of canola). 
These were then washed then separated into leaf, stem and dead. Leaf area was measured, then 
samples were dried in a forced air oven at 70 °C for a minimum of 48 hours. These samples were 
weighed, and both dry matter and leaf area index were calculated on a per hectare basis. 
3.7.2 Apical development 
Representative plants for each crop and TOS were sampled on an as needed basis between 13 March 
and 16 June and dissected under a microscope. The key transitioning of the main tiller of wheat from 
single ridge to double ridge, and to glume primordia as defined by Kirby (2002) was recorded. The 
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apical meristem of canola plants were examined for the transition from apical dome to leaf initial, then 
to first flower initial and flower initial stages as defined by Tommey and Evans (1989). 
3.7.3 Plant development 
On 15 September, 1 October,  13 October, and 28 October, a selection of representative wheat plants 
from each plot were analysed to determine growth stage as described by Zadoks et al. (1974). The 
dates of the key developmental stage of GS 30 (growing point 1 cm above base of plant), GS 32 (2nd 
node > 2 cm above 1st node) and GS 37 (flag leaf emergence) were recorded. 
3.8 Measurement analysis 
3.8.1 Thermal time 
Thermal time (°Cd) was calculated using mean daily air temperature data collected from the 
Broadfields meteorological station. The accumulated thermal time (growing degree days) was 
calculated from the termination of grazing, and recovery measurements were taken at the 
accumulation of approximately 350 °C d and 700 °C d, to remove the effects of temperature on 
regrowth. Growing degree days were calculated for using a base temperature of 0°C both wheat (Baker 
et al. 1986) and canola (Kirkegaard et al. 2012b). 
3.9 Statistical analysis 
Data analyses were conducted using Genstat 16 (version 16.1.0.10916, VSN International Ltd, UK). The 
experiment was analysed for the main effects (crop, TOS, grazing and closure) and interactions using 
the general analysis of variance model. Fitted and residual values were approximately normal. Least 
significant differences (l.s.d.) were calculated at the P <0.05 level for comparison of means. 
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4. RESULTS 
4.1 Late summer - autumn grazing 
At the commencement of grazing on 23 February, wheat had accumulated 2585 kg DM ha-1 and canola 
had accumulated 6175 kg DM ha-1 of biomass (Figure 4.1). Over the 28 day grazing period, the biomass 
was reduced to 1340 kg DM ha-1 for wheat and 1760 kg DM ha-1 for canola respectively. During the 
grazing period, the growth rate of wheat was 24 kg DM ha-1 day-1 and canola was 40 kg DM ha-1 day-1. 
The total biomass consumed over the grazing period was 1905 kg DM ha-1 for wheat and 5540 kg DM 
ha-1 for canola (P <0.001), giving 1030 and 1510 sheep days ha-1 of grazing respectively.  
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Figure 4.1: Biomass (kg DM ha-1) of TOS1 wheat (  ) and canola (  ) from 23 February (76 DAS) until 
5 June (178 DAS) at Lincoln University, Canterbury. Box represents first grazing period, bars 
represent l.s.d (P <0.05) where significant differences between crops exist at each 
measurement time. 
The biomass of both crops on 10 April and 5 June did not increase relative to the post-graze 
measurement on 23 March. Canola had greater (P <0.05) biomass than wheat at all measurement 
dates. 
4.2 Winter grazing 
4.2.1 Pre-graze biomass 
Pre-graze biomass was greater (P =0.001) for TOS 2 crops with 2270 kg DM ha-1 compared with 1173 
kg DM ha-1 for TOS 1 (Figure 4.2). There was no significant difference between crops sown at the same 
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time. The delay to grazing crash grazing treatments did not increase the available biomass at the 
commencement of grazing. 
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Figure 4.2: Winter pre-graze biomass (kg DM ha-1) of TOS 1 ( ) and TOS 2 ( ) wheat and 
canola at Lincoln University, Canterbury. Bar represents LSD (P =0.05) for TOS. 
4.2.2 Forage consumed 
The amount of forage consumed during the winter grazing was affected (P =0.048) by the interaction 
between TOS and closure (Figure 4.3). Terminating grazing of TOS 2 crops at closure 1 resulted in the 
consumption of 1551 kg DM ha-1, which was less than closure 2 and 3 (1926-1998 kg DM ha-1). Forage 
consumption by livestock off TOS 2 crops exceeded that off TOS 1 crops by 823-1411 kg DM ha-1. The 
quantity of forage consumed from TOS 1 crops did not differ with closure time. 
The interaction between crop and grazing method affected (P =0.048) the quantity of forage consumed 
by livestock (Figure 4.4).  Set stocking of canola resulted in 1629 kg DM ha-1 of feed consumed by 
livestock compared with 1004 kg DM ha-1 for the crash grazing treatments. There was no significant 
difference between the quantity of forage grazed between either set stocked or crash grazed wheat. 
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Figure 4.3: Total forage consumed (kg DM ha-1) of closure 1 ( ), 2 ( ) and 3 ( ) 
treatments for TOS 1 and 2 crops at Lincoln University, Canterbury. Top bar represents l.s.d. 
(P <0.05) between means of the same TOS (300 kg DM ha-1), bottom bar (*) represents l.s.d. 
for comparing between TOS (496 kg DM ha-1). 
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Figure 4.4: Total forage consumed (kg DM ha-1) of set stocked ( ) and crash grazed ( ) wheat 
and canola at Lincoln University, Canterbury. Bar represents l.s.d. (P <0.05). 
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4.2.3 Postgraze biomass and recovery 
A virus was recognised to have infected all canola treatments. The results of the effect of grazing 
treatments on measured variables would likely be different if closer agronomic attention was paid to 
controlling aphids in a timelier manner, minimising the spread of the virus. 
Crop and TOS interaction 
The interaction between crop and TOS significantly affected total dry matter, stem dry matter and leaf 
area index (LAI) at the termination of grazing, and after the accumulation 350 °C d (Recovery 1, first 
harvest) and 700 °C d (Recovery 2, final harvest) (Figure 4.5). 
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Figure 4.5: a) total biomass (kg DM ha-1), b) leaf biomass, c) leaf area index and d) stem biomass for 
wheat TOS 1 (  ), wheat TOS 2 (  ), canola TOS 1 (  ) and canola TOS 2 (  ) at Lincoln 
University, New Zealand. Thermal time represents the accumulation from post grazing. 
Error bars show least significant differences where interactions between crop and TOS 
exist. 
 Leaf dry matter (Figure 4.5 b) was not significantly different between crop and TOS treatments 
immediately post-graze, however there was an interaction (P =0.008) at the first recovery harvest. TOS 
2 wheat had accumulated greater leaf dry matter than TOS 1 wheat and TOS 2 canola, however there 
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was no difference between TOS 1 and TOS 2 canola, and TOS 1 wheat. By recovery 2, leaf dry matter 
of TOS 2 wheat was 1181 kg DM ha-1, greater (P =0.002) than TOS1 wheat (615 kg DM ha-1) and TOS 1 
and TOS 2 canola (320-321 kg DM ha-1). TOS 2 wheat had accumulated a total of 2403 kg DM ha-1 at 
the final harvest, which was greater than wheat TOS 1 and both TOS for canola (Figure 4.5 a). TOS 1 
canola had accumulated 1568 kg DM ha-1 at the final harvest, greater than both TOS 2 canola and TOS 
1 wheat (1134-1165 kg DM ha-1), which were not different. 
The LAI trend (Figure 4.5 c) was similar to the leaf biomass, which increased to 1.6 for TOS 2 wheat, 
0.7 for TOS 1 wheat, and 0.3 for both canola TOS at recovery 2. Initial post-graze values were different 
between crop and TOS treatments. TOS 2 LAI wheat was 0.11, greater (P =0.016) than TOS 1 wheat 
(0.06) and TOS 1 and TOS 2 canola (0.01-0.03). 
Post-graze stem (Figure 4.5 d) residual was different (P <0.001) between all crop and time of sowing 
interactions. TOS 1 canola had 803 kg DM ha-1 of stem, greater than TOS 2 canola (595 kg DM ha-1), 
and both TOS 2 and TOS 1 wheat with 369 kg DM ha-1 and 186 kg DM ha-1 of stem remaining. At the 
recovery 1 harvest, TOS 1 canola had 674 kg DM ha-1 of stem, greater (P <0.001) than TOS 2 wheat (394 
kg DM ha-1), TOS 2 canola (265 kg DM ha-1) and TOS 1 wheat (167 kg DM ha-1). At the recovery 2 harvest, 
different TOS of the same crop were different (P <0.001), but there was no difference in stem dry 
matter between TOS 2 wheat and TOS 1 canola (1222-1248 kg DM ha-1), or between TOS 1 wheat and 
TOS 2 canola (550-813 kg DM ha-1). 
Table 4.1: Rate of regrowth (kg DM ha-1 °C d-1) for stem, leaf and total proportions of wheat TOS 1, 
canola TOS 1, wheat TOS 2 and canola TOS 2 at Lincoln University, Canterbury. l.s.d values 
represent significant differences between means in the same column. 
Period Post grazing 0-350 °C d  350-700 °C d 
Treatment Stem Leaf Total   Stem Leaf Total 
TOS 1        
Wheat -0.06 0.33 0.28  1.16 1.34 2.50 
Canola -0.37 0.63 0.26  1.72 0.17 1.89 
TOS 2        
Wheat 0.06 0.69 0.76  2.51 2.62 5.14 
Canola -0.93 0.41 -0.53   1.65 0.50 2.15 
l.s.d (within crops) 0.445 0.321 0.746   0.467 0.513 0.776 
l.s.d (crop*TOS interaction) 0.352 0.232 0.551   0.914 0.462 1.077 
 
The initial change in stem dry matter was no different between both TOS 1 crops, ranging between    - 
0.06 to - 0.37 kg DM ha-1 °C d-1 for wheat and canola respectively (Table 4.1). The TOS 2 wheat change 
(0.006 kg DM ha-1 °C d-1) was no different to TOS 1 wheat. The stem mass of TOS 2 canola was reduced 
(P =0.038) by 0.93 kg DM ha-1 °C d-1 over the accumulation of the first 350 °C d following grazing. From 
the accumulation of 350 °C d to 700 °C d, Wheat TOS 1 increased stem biomass by 1.16 kg DM ha-1 °C 
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d-1, less than TOS 2 wheat (2.51 kg DM ha-1 °C d-1), however there was no significant difference between 
the changes for both canola TOS (1.65-1.72 kg DM ha-1 °C d-1), and between canola and wheat. 
Total biomass over the first recovery period decreased (P =0.026) for TOS 2 canola, as the leaf growth 
did not exceed the loss of stem dry matter (Table 4.1). TOS 1 canola and wheat increased by 0.26-0.28 
kg DM ha-1 °C d-1. The rate of increase for TOS 2 wheat over the first recovery period was not different 
to both TOS 1 crops (0.76 kg DM ha-1 °C d-1). 
The total rate of increase was greatest (P =0.002) for TOS 2 wheat (5.14 kg DM ha-1 °C d-1) (Table 4.1). 
There was no difference between TOS 1 wheat, and both TOS for canola (1.89-2.5 kg DM ha-1 °C d-1). 
Canola at both TOS produced the least amount of leaf biomass (0.17-0.5 kg DM ha-1 °C d-1), exceeded 
by (P =0.018) TOS 1 and TOS 2 wheat, which increased leaf biomass by 1.34 and 2.62 kg DM ha-1 °C   d-
1. 
Crop and method of grazing interaction 
Both total (P =0.011) and stem (P =0.008) biomass were affected by the interaction at the first recovery 
harvest (Table 4.2). The stem biomass of crash grazed canola was 417 kg DM ha-1, less (P =0.008) than 
set stocked canola (521 kg DM ha-1). Set stocked wheat had 234 kg DM ha-1 of stem biomass at the first 
recovery harvest, less than both grazing methods of canola, and crash grazed wheat (328 kg DM ha-1). 
Total biomass was not significantly different between grazing for canola (621-727 kg DM ha-1), 
although set stocked (442 kg DM ha-1) and crash grazed (614 kg DM ha-1) were different (P =0.011).  
Table 4.2: Biomass at recovery 1 (kg DM ha-1), and rate of biomass change (kg DM ha-1 °C d-1) for stem, 
leaf and total proportions of set stocked wheat, set stocked canola, crash grazed wheat and 
crash grazed canola from termination of grazing until recovery 1. L.s.d values represent 
significant differences between means in the same column, where interactions exist. 
 Recovery 1 Change from post graze  
 Total  Stem Stem Leaf Total 
Set stocked      
Wheat 442 234 -0.148 0.394 0.246 
Canola 727 521 -0.447 0.524 0.077 
Crash grazed      
Wheat 614 328 0.155 0.633 0.788 
Canola 321 417 -0.859 0.517 -0.342 
l.s.d. (interaction) 187 164 0.314 ns 0.461 
l.s.d. (within crops) 142 157 0.358  0.580 
 
Rate of stem biomass change was different (P =0.007) between crash grazed canola (-0.858 kg DM     
ha-1 °C d-1) and all other treatments (Table 4.2). Set stocked wheat and canola changed by -0.148 kg 
DM ha-1 °C d-1 and -0.447 kg DM ha-1 °C d-1 respectively, which was not significantly different. Crash 
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grazed wheat stem biomass increased by 0.155 kg DM ha-1 °C d-1, no different to the set stocked wheat 
but different to both canola grazing methods.  
There was no difference between grazing methods for the rate of total change of biomass of wheat, 
but crash grazed wheat increased (0.788 kg DM ha-1 °C d-1) at a rate greater (P =0.011) than by both 
methods of grazing canola (Table 4.2). Set stocked wheat increased in biomass by 0.246 kg DM ha-1 °C 
d-1, where crash grazed canola decreased by 0.342 kg DM ha-1 °C d-1. There was no interaction of crop 
and method of grazing on change in leaf biomass over the first recovery period. The interaction of crop 
and method of grazing had no effect at recovery 2 on any yield component, or the change in biomass 
between recovery 1 and recovery 2. 
Method of grazing and timing of closure interaction 
The interaction between grazing and closure did not affect leaf biomass post-graze (Figure 4.6 a). Later 
closure of set stocking resulted in a lower post-graze biomass. Total residual was greater (P =0.015) for 
closure 1 (639 kg DM ha-1) than for closure 3 (399 kg DM ha-1), although neither of these values were 
significantly different to closure 2. Crash grazed closure 2 plots were grazed to 438 kg DM ha-1, less 
than crash grazed closure 1 (592 kg DM ha-1), and set stocked closure 1. Closure 3 of the crash grazed 
treatment had accumulated more (P =0.001) total biomass (815 kg DM ha-1) at the first recovery 
harvest than all other treatments (516-657 kg DM ha-1) (Figure 4.6 b). 
After the accumulation of 700 °C d, the total biomass of closure 3 crash grazed plots (1845 kg DM        
ha-1) was only greater (P =0.007) than closure 1 and 2 of the crash grazed treatment (1320-1333 kg DM 
ha-1) (Figure 4.6 c). Leaf dry matter was greatest for closure 1 of set stocking (797 kg DM ha-1) and 
closure 3 of crash grazing (651 kg DM ha-1), which weren’t significantly different. Closure 1 of set 
stocking was greater (P =0.028) than all other treatments. The total difference of crash grazed closure 
3 was due to the greater (P =0.006) amount of stem (1194 kg DM ha-1) when compared with closure 1 
and 2 of crash grazing (773-839 kg DM ha-1). 
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Figure 4.6: Stem ( ) and leaf ( ) biomass (kg DM ha-1) at a) post-graze, b) recovery 1 and c) 
recovery 2 harvests following termination of grazing on 23 June (1),  3 July (2) and 20 July 
(3) for set stocked and crash grazed crops at Lincoln University, Canterbury. Bars represent 
l.s.d. for leaf and stem where significant interactions exist, and total biomass for each time 
of measurement. 
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Figure 4.7: Leaf area index (LAI) for a) first recovery harvest set stocked and crash grazed closure 1 (
), closure 2 ( ) and closure 3 ( ); and b) LAI at second recovery harvest for 
closure 1, closure 2 and closure 3. Bars represent l.s.d. (P <0.05) at each measurement date. 
Final LAI was greater (P =0.015) for closure 1 grazings (0.905) than either closure 2 or closure 3 (0.676-
0.705) (Figure 4.7 b). This had increased substantially from the LAI at first recovery harvest, where the 
interaction of crash grazing and closure 3 had a greater (P =0.021) LAI (0.361) than all other treatments 
(0.188-0.239). The post-graze LAI was not affected by method of grazing or closure interactions. 
Crop and timing of closure interaction 
Wheat leaf increased at 1.7-2.2 kg DM ha-1 °C d-1 between recovery 1 and recovery 2, resulting in the 
accumulation of 842-977 kg DM ha-1 of leaf (Figure 4.8). The rate of leaf biomass for the same period 
was 0.9 kg DM ha-1 °C d-1  for closure 1, and <0.1 kg DM ha-1 °C d-1  for both closure 2 and 3 of canola. 
Stem biomass of closure 3 canola was 1261 kg DM ha-1 at the second recovery harvest, greater than 
closure 1 and 2 canola, and all closure times for wheat (876-919 kg DM ha-1). 
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Figure 4.8: Stem ( ) and leaf ( ) biomass (kg DM ha-1) at a) post-graze, b) recovery 1 and c) 
recovery 2 harvests, following termination of grazing on 23 June (1),  3 July (2) and 20 July 
(3) for dual-purpose wheat and canola crops at Lincoln University, Canterbury. Bars 
represent l.s.d. for leaf and stem where significant interactions exist, and total biomass for 
each time of measurement. 
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4.3 Development 
4.3.1 Apical development 
The main tillers of TOS 1 wheat plants were observed at double-ridge on 30 March. Double-ridge was 
recorded up until 16 June for TOS 1. Wheat TOS 2 advanced to double-ridge at the beginning of May, 
and plants on the yet to be crash grazed treatments were observed at glume primordia on 16 June. 
The growing point was 10 mm below ground for TOS 1 but 20 mm above ground for TOS 2. On 8 July, 
after the winter grazing, both wheat TOS were at double-ridge. The growing point of TOS 1 was <10 
mm above the soil surface, whereas TOS 2 was 20 mm above the soil surface. 
TOS 1 canola had advanced to leaf initial by 30 March and first flower initial by 10 April. TOS 2 reached 
first flower initial by 18 May. Flower initial was reached by 18 May for TOS 1 and 16 June for TOS 2. 
4.3.2 Plant development 
Set stocked closure 1 wheat reached GS 32 at 15 September, and GS 37 on 13 October. Crash grazed 
TOS 2 plots reached GS 32 by 1 October, and 37 at 20 October. TOS 1 all reached flag leaf at 28 October, 
with the exception of set closure 3, which was still at GS 31.  
Flowering of all canola plants occurred within a few days of 20 September. 
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5. DISCUSSION 
Winter varieties of wheat and canola were sown early with the aim of producing vegetative dry matter 
for livestock forage in late summer and early autumn (February - March) and winter (June – July), 
during periods where New Zealand mixed arable farmers typically experience feed shortages. For this 
to be successful, any loss in grain yield must be compensated for by the value of livestock grazing 
(Kirkegaard et al. 2008b). The maximum economic value will be achieved from a dual-purpose when 
forage yield is maximised, and grain production is unimpeded. 
5.1 Late-summer – autumn forage 
5.1.1 Pre-graze biomass 
The biomass of TOS 1 wheat at first grazing (76 days after sowing) was 2585 kg DM ha-1, greater than 
that achieved by McCormick et al. (2014), where winter wheat sown on 15 November 2012 reached 
approximately 1600 kg DM ha-1 at grazing on 17 January 2013, 63 days after sowing at Lincoln 
University. Canola had accumulated 6175 kg DM ha-1 at the commencement of grazing in this 
experiment (Figure 4.1), nearly double what McCormick et al. (2014) achieved with canola. Grazing 
commenced 13 days earlier in relation to sowing time in this experiment, however the extra days of 
growth before grazing do not account for the difference, measured at 24 kg DM ha-1 day-1 for wheat, 
and 40 kg DM ha-1 day-1 for canola. McCormick et al. (2014) reported extremely dry soil conditions and 
lower than average rainfall between December 2012 and March 2013. Crops sown on 15 November 
did not receive irrigation, the purpose was to investigate the accumulation of biomass in a dryland 
environment. This experiment received 100 mm of irrigation in total between 15 January and 18 
February, replenishing the cumulative deficit of 91 mm of the months of December 2014 to February 
2015.  
French and Schultz (1984) reported the average water use efficiency for dry matter production of grain 
and straw of wheat over the entire growing season as 23.2 kg DM ha-1 mm-1. In comparison, a study by 
Fletcher et al. (2010) found the water use efficiency of forage rape to be linear with increasing moisture 
stress, producing 32.3 kg DM ha-1 mm-1 (R2 =0.79). Therefore if moisture is limiting, canola will produce 
considerably more biomass than wheat, as is evidenced between the findings of this experiment and 
those of McCormick et al. (2014). 
The biomass of wheat at the commencement of grazing was considerably less than the approximate 
5000 kg DM ha-1 that had accumulated 89 days after sowing ‘Milton’ forage oats in Canterbury by 
Martini et al. (2009). Whilst ‘Milton’ oats are a specific forage variety and these results had an extra 
15 days available for growth, it was leading into winter where temperature, where the mean monthly 
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air temperature is 9.2 °C for May, opposed to >16 °C for the months of January and February (Figure 
3.2 b). The greater thermal time accumulation of a December sown crop potentially would allow 
greater growth rates, provided moisture is not limiting. Dryland pastoral environments on the east 
coast of New Zealand usually experience periods of water stress in summer and autumn (Mills et al. 
2008). The irrigation in this experiment did not markedly exceed the cumulative deficit from the long 
term means, likely resulting in a level of moisture stress limiting growth rates before the first irrigation 
application in January.  
Fletcher et al. (2010) performed an experiment at Lincoln, Canterbury where forage rape was grown 
under rain-out shelters, with evapotranspiration either fully (280 mm) or partially (175 mm and 141 
mm) replenished, or 45 mm once during mid-growth, between sowing on 19 November and harvest 
of 10 February. Yields ranged from 10.7 t DM ha-1 for the fully replenished treatment, 7 t DM ha-1 to 9 
t DM ha-1 for the partially replenished treatments, and 5.2 t DM ha-1 for the severe drought treatment.  
Whilst direct comparisons to rape cultivars bred specifically for forage are not entirely accurate, the 
yield achieved by canola in this experiment suggests that there was moderate water stress limiting 
plant growth, whereas McCormick et al. (2014) experienced lesser biomass at the first grazing due to 
severe moisture stress. 
5.1.2 Forage consumption 
A greater quantity of biomass was removed from canola than wheat during the first grazing. This was 
due to the substantially higher pre-graze biomass and the 67% higher growth rate of canola during the 
28 days of grazing. Canola post-graze biomass was 1760 kg DM ha-1, 520 kg DM ha-1 greater than that 
of wheat, due to the thick stem and petiole that was not consumed. The canola was reduced by 4415 
kg DM ha-1, with 1120 kg DM ha-1 of growth occurring during the 28 day grazing period. The yield of 
standing forage was concordant with Kirkegaard et al. (2008b) for canola, as well as Adams et al. (2005) 
and Stephen (1976) for forage brassicas in New Zealand, who concluded that brassica leaf yields reach 
a ceiling at approximately 4000 kg DM ha-1, after which senescence rate increases. 
5.2 Winter forage 
5.2.1 Pre-graze biomass 
Pre-graze biomass was greater for TOS 2 crops than TOS 1, with no difference between crops sown at 
the same time (Figure 4.2). Biomass did not appreciably increase for TOS 1 crops between the 
termination of the first grazing and 5 June, despite the 74 day period for recovery. Growth during the 
grazing period for TOS 1 crops was measured at 40 kg DM ha-1 day-1 and 24 kg DM ha-1 day-1 for canola 
and wheat respectively. A mean temperature of 15.4 °C for March, 13.2 °C for April and 9.9 °C for May 
was high enough to allow TOS 2 crops to grow at an average of 21 kg DM ha-1 day-1 from sowing until 
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5 June. It was expected that the TOS 1 crops would have continued this growth after the grazing period, 
and total biomass would have increased after the removal of stock. Leaf was removed from canola in 
the first grazing of TOS 1, with most of the stem and petiole remaining. With most of the apical 
meristems from the first grazing remaining, initial carbohydrate remobilisation from the stem to aid 
leaf area expansion was expected, but total biomass was expected to increase by the second recovery 
period. 
Paridaen and Kirkegaard (2015) grazed spring sown winter canola three times between 31 January and 
7 May, with the crop recovering between each grazing to provide a cumulative total for all grazings of 
up to 3900 kg DM ha-1 of forage. 2320 kg DM ha-1 was removed in the first grazing, but 630 kg DM ha-
1 and 980 kg DM ha-1 were removed from the second and third grazings respectively. Growth during 
grazing was not taken into account in this study, but crop growth during the each of the 34 day grazing 
periods was not accounted for. A growth rate similar to what was measured in this experiment could 
potentially have accounted for greater than 1000 kg DM ha-1 of forage per grazing, however decreasing 
pre-graze values from 3660 kg DM ha-1 for the first grazing to 1080 kg DM ha-1 for the third, with a 
maximum increase of 300 kg DM ha-1 between grazings indicate that this is unlikely. Kirkegaard et al. 
(2012b) found that canola rapidly recovered leaf growth rates after defoliation, but leaf area and 
biomass recovered to only 50% of undefoliated treatments before leaf drop, and a sustained reduction 
of stem biomass. After a first grazing, it appears that physiology of a canola crop changes, and it will 
not accumulate leaf biomass comparable to the first grazing (about 4000 kg DM ha-1) for a second 
grazing. 
Previous studies of dual-purpose wheat have involved set stocking the crop for one period between 
15 to 75 days (Virgona et al. 2006; Winter & Thompson 1987). Apart from McCormick et al. (2014), 
who crash grazed November sown winter wheat crops five times between 17 January and 1 August, 
there has not been any studies where wheat has been sown in late spring to early summer, with more 
than one grazing event before closure. Development appeared to be delayed in TOS 1 relative to TOS 
2, which became evident on 16 June, as some ungrazed TOS 2 plants were observed to have reached 
glume primordia, and the growing point for to 20 mm above the soil surface, whereas TOS 1 growing 
points were still below the soil surface, and all were at double-ridge. It is possible that the growing 
point of main tillers may have elevated above the soil surface and been removed during the first 
grazing of TOS 1, causing tiller death and an increase in proportion of secondary tillers with delayed 
development. 
5.2.2 Forage consumption 
A greater quantity of forage was consumed off the set stocked canola than crash grazed canola, and 
both grazing methods of wheat (Figure 4.4). Set stocking of canola allowed the sheep to consume more 
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of the fibrous stem material, particularly of the TOS 1 plots. Crash grazed plots often were pugged due 
to the wet weather in winter due to the high stocking rate, as often happens when break-feeding stock 
in winter. Plants were often soiled by trampling, so sheep were shifted to the next plot in some 
instances when not all of the leaf had been consumed as sheep would not eat them. TOS 1 canola was 
less prone to soiling than TOS 2 due to the longer stems and smaller leaves, so sheep generally 
defoliated TOS 1 fully under crash grazing. Wheat was less prone to pugging compared with canola, 
due to the greater soil cover of vegetation. The residual of wheat was similar between grazing 
methods.  
The quantity of forage consumed was affected by the interaction between TOS and closure (Figure 
4.3). There was no difference in the consumption for TOS 1 crops. On the set stocked canola plots, 
sheep were observed to prefer TOS 2 plants, of which the leaves were consumed first. As the TOS 2 
plots were defoliated of nearly all leaf material, the majority of the leaf proportion of TOS 1 canola was 
consumed, leaving behind thick stem bases. Sheep showed a preference for consuming the stem and 
petiole material of the TOS 2 plots as the available biomass across all plots decreased in later closure 
times. The closure 3 of set stocked canola had sheep removed 10 days earlier than planned, due to an 
overestimate of feed available.  
5.3 Recovery 
The aim of dual-purpose cropping is to maximise forage yield for livestock at times when pasture 
growth is limited, with no loss of grain yield. If grain yield is decreased, the economic benefit of the 
grazing must exceed the value of grain production forgone (Kirkegaard et al. 2008b). Grain harvest was 
unable to be undertaken in this experiment due to the timing of the academic year, so two biomass 
harvests occurred at the accumulation of 350 °C d and 700 °C d following the termination of grazing, 
calculated from a base temperature of 0 °C for both crops. This was to remove the effect of 
temperature on growth and development of the crops, as grazing was terminated at various times. 
Biomass accumulation after a set number of days would likely favour the later closure dates due to 
expected warmer temperatures as spring progresses. Biomass measurements at crop development 
stages was decided against due to probable delays caused by grazing (Kirkegaard et al. 2008b; Virgona 
et al. 2006). Determining the development at a whole crop level opposed to a plant level would have 
been subjective due to unevenness, particularly of TOS 1 wheat. 
At the final recovery harvest, the greatest accumulation of biomass was by the TOS 2 wheat (2403 kg 
DM ha-1), with TOS 1 canola exceeding TOS 2 canola and TOS 1 wheat (Figure 4.5 b). This was despite 
TOS 2 wheat having a lower post-graze residual than either TOS canola treatment. Leaf biomass was 
not different between any of the crop and TOS treatments at the post-graze measurement, however 
the leaf area index was greater for TOS 2 wheat than any other crop or TOS, and TOS 1 wheat was 
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greater than TOS 2 canola. At the first recovery harvest, LAI was only different for the TOS 2 wheat and 
at the final harvest, LAI for TOS 2 wheat (1.64) was greater than double that of TOS 1 wheat, which 
was approximately twice that of the two TOS for canola (Figure 4.5 c). Leaf biomass at final harvest 
was proportional to LAI. 
The pattern of rapid leaf biomass and consequently LAI increase for wheat was detailed by Harrison et 
al. (2011b), where low leaf growth was measured post-grazing, but subsequent maximum above-
ground growth rates were higher for ungrazed than grazed wheat.  
TOS 1 canola had 1568 kg DM ha-1 of above ground biomass at the second recovery harvest, however 
the total increase in biomass from post-grazing was no different to that of TOS 1 wheat, or TOS 2 
canola. A greater residual than all other crop and TOS treatments was responsible for this. The 
relatively low increase of biomass of canola, especially when compared with the TOS 2 wheat, may be 
attributed to the base temperature used to calculate thermal time. Whilst Kirkegaard et al. (2012b) 
used a base temperature for canola of 0 °C, as was reported for wheat by Baker et al. (1986), a base 
temperature of 5 °C was verified in a study by Morrison et al. (1989) for summer rape. Adams et al. 
(2005) estimated a base temperature of 4 °C for leaf emergence of forage brassicas in Canterbury. The 
accumulation of thermal time may therefore have been less for canola than wheat, so measurements 
based on thermal time accumulation may be biased towards wheat. 
At the final recovery harvest, LAI for canola was less than 0.35 for both TOS (Figure 4.5 c). Collie and 
McKenzie (1998) reported the critical LAI (where a crop intercepts 95% of available radiation) was 
calculated to occur at a LAI of four for forage turnips (Brassica campestris). McCormick et al. (2012) 
stated that a dual-purpose canola crop required 5000 kg DM ha-1 at flowering to intercept >90% of the 
incoming solar radiation, preventing loss of grain yield. Further work by McCormick et al. (2015) 
confirmed the target biomass at flowering of 5000 kg DM ha-1 was required to maximise grain yield 
relative to an ungrazed crop in the same season. In this experiment, canola had flowered before the 
final recovery harvest. No combination of TOS and grazing treatments reached 2000 kg DM ha-1, 
suggesting that grain yield penalty would be severe.  
Despite a lower residual stem biomass than TOS 1 canola, TOS 2 canola decreased by 0.93 kg DM ha-1 
day-1 over the first recovery period compared with 0.37 kg DM ha-1 day-1 (Table 4.2). There was no 
difference between changes to wheat stem biomass. McCormick et al. (2013) reported the 
remobilisation of non-structural carbohydrates from the stem and root of canola occurred within two 
days of defoliation. The levels of carbohydrates in the stem (predominately sucrose) and root (starch) 
did not recover to match those of undefoliated plants within 20 days. In this experiment, LAI was <0.03 
for both canola TOS following grazing. The remobilisation of stored sugars from the stem was required 
to allow the plants to begin to re-establish leaf area. Greater loss of biomass occurred for TOS 2 canola 
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stem material compared with TOS 1 despite lower residual biomass. Findings from Stephen (1976) 
indicated a decline in the digestibility of lower stem material of forage brassicas sown in October 
opposed to November at the winter grazing due to a greater proportion of fibre. Whilst not analysed, 
the TOS 2 canola appeared less fibrous, hence it is likely a greater proportion of the residual stem 
biomass was non-structural carbohydrate available for remobilisation. 
Set stocked plots were grazed to a lower residual at later closure time (Figure 4.6 b). This is logical as 
the stocking rate on these plots was calculated to consume the accumulated biomass over the grazing 
period, opposed to Virgona et al. (2006), who maintained wheat stocked at 20 DSE ha-1 at 
approximately 500 kg DM ha-1, with an average growth rate of 51 kg ha-1 day-1 over the grazing period, 
and McCormick et al. (2015), who reported stocking at 20 DSE ha-1 maintained crop biomass during 
the grazing period. Crash grazing experienced some variation in post-graze residual levels, however 
this was predominantly due to the livestock management and weather conditions at each time of 
grazing. At first recovery (Figure 4.6 b), total and leaf biomass was similar across all treatments, except 
for the crash grazed closure 3, which exceeded the biomass of the crash grazings 1 and 2 due to a 
greater stem proportion. The LAI was greater for crash grazed closure 3 plots at the recovery 1 harvest 
than any set stocking closure time, and crash grazings 1 and 2 (Figure 4.7 a). This appeared to result in 
a greater total biomass for crash grazed closure 3 treatment at the final recovery harvest, but this was 
also due to a greater proportion of stem than the other crash grazed closure times. Leaf biomass was 
greatest for set stocked closure 1 and crash grazed closure 3. LAI at recovery 2 was greater in closure 
1 than closure 2 and 3 (Figure 4.7 b). Grazing method effect had become non-significant at this harvest. 
There was an interaction between crop and closure time for proportion of stem and leaf post-graze 
residual. Leaf biomass was greatest for closure 1 of wheat, and closure 2 and 3 were no different 
(Figure 4.8 a). There was no difference in leaf biomass between different closure times for canola as 
sheep consumed virtually all leaf material regardless of grazing. Stem biomass residual decreased at 
later closure times of canola. There was no effect at first harvest (Figure 4.8 b).  
During the second recovery period, the leaf biomass of wheat increased by 1.7-2.2 kg DM ha-1 °Cd-1, 
resulting in 842-977 kg DM ha-1 of leaf accumulating (Figure 4.8 c). The rate of leaf recovery of canola 
was 0.9 kg DM ha-1 °Cd-1 for closure 1, and >0.1 kg DM ha-1 °Cd-1 for closure 2 and 3. Stem biomass was 
no different between wheat and canola at any closure time, apart from closure 3 of canola, which was 
greater. This may be explained by the findings of McCormick et al. (2013), who found that removal of 
apical buds during defoliation resulted in a 19 day delay until flowering, allowing for greater recovery 
of leaf area. Flowering requires stem extension to expose apical buds. If apical buds were not removed 
in the crash grazing treatments, stem extension would occur at the same time as other crash grazed 
plots at earlier closure times, but due to the calculation of recovery on thermal time accumulation 
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after the termination of grazing, the closure 3 crop biomass was measured at a further advanced point 
in crop development.  
The grazing method for different crops affected the initial recovery period change, and the stem 
biomass at recovery 1. Crash grazing of canola resulted in a decrease in stem biomass of 0.86 kg DM 
ha-1 °C d-1, greater than set stocked canola (0.45 kg DM ha-1 °C d-1. Interestingly, the stem biomass of 
crash grazed canola was less than that of the set grazed canola, so the rate of change may have been 
expected to be less. McCormick et al. (2013) reported remobilisation of stored sugars in the stem of 
defoliated canola within two days following defoliation. A prolonged set stocking grazing period 
potentially resulted in the remobilisation of carbohydrates at the beginning of the grazing period, and 
new leaf growth would have been chewed off by the termination of grazing. The levels of non-
structural carbohydrates in the stem may have already been reduced by this the termination of grazing, 
hence there was less carbohydrate available for remobilisation at the cessation of grazing. This 
however did not have any effect on biomass accumulation at the recovery 2 harvest. 
Despite the interactions of method of grazing and time of closure, crop and time of sowing determined 
the overall rate of recovery. TOS 2 wheat had the greatest increase of biomass from post-graze to the 
final recovery harvest, followed by TOS 1 wheat, TOS 1 canola and TOS 2 canola. 
Visual observation of the canola during the recovery period indicated the presence of a virus that was 
likely impeding the leaf expansion and recovery of the crop. The canola received two insecticide 
applications for TOS 2 and three applications for TOS 1, although weather conditions in May did not 
allow one of the applications to be as timely as it perhaps should have. The long-seasoned nature of 
dual-purpose wheat increases the risk of the crop to disease and pest damage, and the use of dual-
purpose canola was initially investigated as a break crop from cereals (Kirkegaard et al. 2008b). The 
same is apparently true for canola. The susceptibility to disease and pest damage has financial 
implications on a commercial scale, thus the necessary agronomic management of dual-purpose crops 
must also be considered. 
In this experiment, wheat had one application of fungicide on 21 September, and an application at flag 
leaf emergence was planned. The chemical programme for wheat did not differ substantially from that 
of a grain only crop. 
The forage removed from the December-sown, early autumn grazed canola crop was around 5500 kg 
DM ha-1, with approximately 4000 kg DM ha-1 of leaf biomass able to be accumulated before the 
commencement of grazing. This is comparable to the leaf yields that can be accumulated by forage-
only rape and kale (Adams et al. 2005). Greater dry matter yields are achieved through accumulation 
of stem biomass in forage rape and kale, however this is of little benefit to dual-purpose canola as the 
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stem should remain intact after grazing, to provide a source of carbohydrate to re-establish leaf area 
and light interception. Forage-only cereals sown on 4 March can accumulate approximately 5000 kg 
DM ha-1 by the beginning of June (Martini et al. 2009). It appears that accumulated standing yield of 
dual-purpose crops cannot match that of specialist forage-only cultivars, however considerable forage 
yield can be obtained. Wheat accumulated approximately 2500 kg DM ha-1 at the first grazing of both 
TOS in this experiment, but December sowing with the intention of grazing the crop twice resulted in 
uneven, and reduced rate of recovery. 
Grazing management of a dual-purpose crop requires a focus on ensuring evenness and timeliness of 
grazing, as a result animal performance may suffer. The ability to ration feed becomes limited as 
farmers are unlikely to want to split an individual paddock into breaks to control intake if it results in 
an uneven maturation of the crop. If stocking rates are too low, the occurrence of preferentially grazed 
areas may result in uneven defoliation and different times to maturity. 
The defoliation of both dual-purpose wheat and canola during winter resulted in the establishment of 
a large number of broadleaf and grass weeds. Despite the consumption of these weeds by livestock, 
their winter growth required the application of a herbicide to both crops. Wheat, TOS 2 in particular, 
recovered rapidly and outcompeted weeds that remained or germinated after the herbicide 
application. The use of a selective herbicide on canola was effective against grass weeds, however the 
slow recovery and lack of canopy closure allowed the germination and establishment of more weeds 
in spring. 
TOS 1 wheat was particularly variable in comparison to the TOS 2 wheat in both height and plant 
development within plots. The determination of when the crop had reached a particular growth stage 
was difficult due to the variability. Crash grazed wheat plots were also had greater variability both 
visually and when determining growth stage, as a proportion of tillers were trampled and not 
defoliated, particularly when conditions were wet. 
The grazing method had little impact on crop recovery. The crop and time of sowing interaction was 
significant for nearly every variable measured. This experiment suggests that decisions on the timing 
of forage demand will dictate which whether canola is sown in December for an autumn grazing, or 
wheat is sown in February to provide forage in winter. The timing and method of grazing in a 
commercial situation will more likely  
5.4 Implications for New Zealand agriculture 
There is potential to sow winter varieties of wheat and canola for dual-purpose use earlier than a 
comparable grain-only crop to accumulate vegetative biomass, then grazing these crops with livestock 
before allowing the crop to recover to provide a grain harvest. This has been successfully demonstrated 
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in Australia by many studies involving both wheat and canola (Kirkegaard et al. 2012a; McCormick et 
al. 2012; McMullen & Virgona 2009; Virgona et al. 2006). 
This study demonstrated that canola can produce and accumulate substantial biomass (>4000 kg DM 
ha-1) in late summer and autumn when sown in December when temperature is not limiting. Provided 
moisture is adequate, growth continues through the grazing period. Recovery of the crop was poor, 
both after the first and second grazings, however pest and disease pressure was suspected to be partly 
accountable for this, as recovery after similar grazing treatments to both TOS 1 (Paridaen & Kirkegaard 
2015) and TOS 2 (Kirkegaard et al. 2008b; Kirkegaard et al. 2012a; McCormick et al. 2012) has been 
documented in Australia. The increased susceptibility of any dual-purpose crop to pests and diseases 
must be taken into account by farmers however, as these the costs of control reduces the financial 
viability of the enterprise. 
A greater accumulation of winter forage was achieved by February-sown winter wheat, which 
subsequently had the greatest recovery over the measurement period of this experiment. This forage 
yield did not match that of other forage-only cereals such as oats that are available to farmers. Wheat 
appears to have a lower base temperature than canola, which results in a faster increase of LAI, and 
subsequent biomass. Set stocking for periods longer than 20 days decreased the rate of recovery. 
Ideally, set stocking ensures a greater uniformity of recovery, both in biomass and plant development 
stage, however stocking rates must be adequately high to ensure even defoliation (>20 sheep ha-1) and 
grazing must not exceed 20 days (Virgona et al. 2006). If forage is required for a longer period, it would 
be prudent to not set stock a larger area for longer, instead either crash grazing, or multiple short 
periods of <20 days set stocking over the entire area of the crop are least likely to hinder crop recovery. 
At a paddock scale, different closure times from break fencing may result in delayed maturity and 
complicate harvesting. Ideally, whole paddocks should be set stocked at stocking rates high enough to 
achieve uniform defoliation within 20 days. Within the parameters stressed above, the timing and 
method of grazing will be decided by stock management factors such as number of animals, size of the 
paddock and the need to ration feed, opposed to crop grazing requirements. 
Canola recovery exhibited a similar trend in the sense that grazing factors were not the major 
determinant of recovery, however the absence of disease may have produced different results. There 
is evidence to suggest that complete defoliation in late July may be too late, and not allow enough 
time to recover leaf area before flowering. 
Time constraints did not allow for maturation of the crop before measurements ceased, so recovery 
could only be measured by biomass accumulation after grazing, opposed to quantifying the grain yield 
that ultimately determines the profitability or otherwise of a dual-purpose crop. The reduced time 
between closure of grazing and maturation may decrease grain yield, potentially reducing suitability 
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of later grazing. Later timing of short duration grazing is one area that could be investigated. The 
recovery and grain yield of TOS 1 canola had it only been grazed once at the first grazing would also be 
interesting. 
 50 
6. CONCLUSIONS 
• December-sown canola provided larger quantities of forage than wheat during late summer 
and autumn.  
• February-sown wheat was more successful at accumulating vegetative biomass for a winter 
grazing. 
• Wheat had greater recovery of LAI and biomass than canola following the winter grazing, 
hence was more likely to provide a grain yield comparable to an ungrazed crop. The 
susceptibility of canola to disease is a concern. 
• Set stocking resulted in a greater uniformity of defoliation and subsequent recovery. Periods 
of set stocking greater than 20 days were detrimental to crop recovery. 
• Late utilisation of forage was best achieved by crash grazing to avoid hindering recovery. 
• Further work is required to determine the effect of grazing duration and time of closure on 
grain yield. 
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